DISCLAIMER
The Standard Bio-oil Analytical Methods (Methods) are provided by the National Renewable Energy Laboratory (NREL), which is operated by Alliance for Sustainable Energy, LLC (Alliance) for the U.S. Department of Energy (DOE). These methods were developed and written for commercial research and educational use only.
Access to and use of these Methods shall impose the following obligations on the user. The user is granted the right, without any fee or cost, to use, copy, modify, alter, enhance and distribute these Methods for any purpose whatsoever, except commercial sales, provided that this entire notice appears in all copies of the Methods. The user agrees to credit NREL/Alliance in any publications that result from the use of these Methods. The user also understands that NREL/Alliance is not obligated to provide the user with any support, consulting, training or any training or assistance of any kind with regard to the use of these Methods or to provide the user with any updates, revisions or new versions. "AS IS" AND ANY EXPRESS OR IMPLIED  WARRANTIES, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY  AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL NREL/Alliance/DOE  BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES  WHATSOEVER, INCLUDING BUT NOT LIMITED TO CLAIMS ASSOCIATED WITH THE LOSS OF DATA OR  PROFITS, WHICH MAY RESULT FROM AN ACTION IN CONTRACT, NEGLIGENCE OR OTHER TORTIOUS  CLAIM THAT ARISES OUT OF OR IN CONNECTION WITH THE ACCESS, USE OR PERFORMANCE OF  THESE METHODS. 1. Introduction 1.1 This laboratory analytical procedure covers the determination of acidic content of biooils using potentiometric titration with automatic end point detection. Acids in bio-oils contribute to corrosion of materials used during storage and handling. Reduction of acids is one important aspect of oil upgrading, which can be monitored using this methodology.
THESE METHODS ARE PROVIDED BY NREL/Alliance
1.2 This methodology is based on the ASTM standard method D664, test method B for determination of acid content of petroleum products [1] . Modifications to the standard method have been made to improve detection of phenolic content of bio-oils. The modifications are the replacement of potassium hydroxide titrant with tetrabutyl ammonium hydroxide (TBAOH) and replacement of the lithium chloride electrolyte solution with tetraethyl ammonium bromide (TEABr). This combination of titrant and electrolyte has been found to improve detection of phenolics over the standard methodology [2] .
Scope
2.1 This procedure is developed for the determination of both carboxylic acid numbers (CAN) and total acid numbers (TAN) of bio-oils. Total acid number includes carboxylic acids as well as weaker acidic compounds such as phenolics. As such, the results of this procedure can be used to differentiate carboxylic acids from other acidic components such as phenolics.
Terminology
3.1 Bio-oil -The crude liquid product of converting solid biomass into a liquid via fast pyrolysis or other thermochemical conversion process.
End Point -The point of inflection in a titration curve (plot of pH vs titrant volume)
recorded by automatic titrator software. The point of inflection can be determined from the derivative of the titration curve.
Carboxylic acid number (CAN) -
The portion of acidic content of bio-oil that can be attributed to carboxylic acids expressed as mg KOH/g of sample.
3.4 Total acid number (TAN) -The total amount of acidic content of a bio-oil determined by titration, expressed as mg KOH/g of sample.
Interferences
4.1 Bio-oils can coat the pH electrode used to monitor the progress of titration. It is imperative that the pH probe be cleaned thoroughly between titrations to maintain adequate signal for analysis.
4.2 Bio-oils are known to degrade over time when exposed to oxygen and heat. Samples that have aged may not be representative of the original bio-oil product.
4.3 Identification of the second endpoint (TAN) can be troublesome for some bio-oils. Limiting TAN identification to a specific pH window is necessary for a reliable analysis using this method. This pH window is defined below for an oak-derived raw pyrolysis bio-oil. 9.4 Blank titration 9.4.1 Add 50 mL isopropyl alcohol to a disposable 120 mL beaker and add stir bar.
Apparatus

9.4.2
Titrate solution using 0.1 M TBAOH while stirring. A total titrant volume of 2 mL is recommended. Record titrant volume of potentiometric end point.
9.4.3
Note that the blank may not contain sufficient acidic content to be detected, resulting in an invalid result by the titration software. In this case the blank titration volume is 0 mL.
9.5 Sample titration 9.5.1 Into a disposable 120 mL beaker weigh 200 ±50 mg of sample and record weight to 0.1 mg.
9.5.2 Add 50 mL of isopropyl alcohol and a stir bar.
9.5.3
Titrate solution with 0.1 M TBAOH while stirring. A total titrant volume of 15 mL is recommended. Record titrant volume of potentiometric end points.
9.5.4
For bio-oils containing only carboxylic acids one endpoint will be detected. For bio-oils containing both carboxylic acids and phenolics multiple end points may be detected. The pH reading of carboxylic acids in isopropyl alcohol is in the range of 8 to 11 and for phenolics between 12 and 14. pH readings of individual systems may vary depending on pH calibration, pH probe, and sample size titrated. Individual systems should be checked with model compounds to ensure accurate detection of compound types. Mixtures of acetic acid and phenol have been found to be sufficient for determining pH ranges. Alternatively, multifunctional compounds such as syringic acid (4-Hydroxy-3,5-dimethoxybenzoic acid) or vanillic acid (4-Hydroxy-3-methoxybenzoic acid) can be used.
9.5.5 After each titration, thoroughly rinse the pH probe with isopropyl alcohol to remove any residue. After isopropyl alcohol rinse soak the probe in DI water for at least 3 minutes prior to the next titration. 
Precision and Bias
12.1 In 2015, an inter-laboratory study was performed on a raw pyrolysis bio-oil using the method as described here [3] . The first endpoint, CAN, had very low inter-laboratory variabi RSD). In the round robin study, only three of the five labs were able to successfully identify the TAN endpoint. While the TAN variability was identification can be problematic. Due to these difficulties, it is critical that the user follow all instructions carefully to obtain reliable results, including the pH windows for the identification of CAN and TAN endpoints.
Quality Control
13.1 The 0.1 M TBAOH titrant should be standardized weekly to monitor for any changes in titrant concentration due to reaction with carbon dioxide. When not in use the titrant should be stored in the dark in a closed container. Exposure to carbon dioxide should be avoided to prevent degradation.
13.2 It is recommended that a representative bio-oil or standard solution containing acetic acid and phenol be analyzed with each sample set to provide a daily check standard.
Results of this standard should be tracked to monitor for out of control results.
13.3
